A simple extension of the standard model to an sum x U(l)y x U(1) gauge symmetry is considered. The symmetry is broken by vacuum expectation values of one doublet and one singlet scalar field, resulting in a second massive neutral gauge boson. Electron -positron collisions at this 2' resonance are calculated.
Introduction
The sum x U(l)y model of electroweak interactions ['I is in good agreement with experiment within the range of energy that is available currently. Grand unified theories therefore need to be closely approximated by the standard model at low energies. In general, grand unified theories predict the existence of additional neutral gauge bosons as well as new fermions, with the prominent exception of SU (5) .121 Although most of the extra gauge bosons are superheavy, some theories allow the existence of lighter neutral gauge bosons with a mass near the scale of electroweak symmetry breaking.
A recent example of some popularity was inspired by work on superstrings.
[31
Here we concentrate on an sum x U(l)y x U (1) effective theory, where the extra U (1) is an abelian symmetry with its associated "hypercharge" Y'.
In particular, we will consider the U(l),, U(l)$, and U(l), that are possible U (1)'s in broken Eg grand unified theories.
['I The symmetry will be spontaneously broken by a Higgs sector consisting of one doublet and one singlet. Our model will preserve the relation for the electric charge, Q=r,+;.
(1)
As a consequence, the photon field will not mix with the extra neutral boson, 2'.
Our paper is organized as follows: the model is presented in Chapter 2;
the gauge boson mixing scheme is shown and the masses and mixing angles are 
The Model
We consider an effective low energy theory based on the gauge group sum 
where tan8w = gy/g. However, the orthogonal combination 2: = Wsp cos 8w -B, sinew (6) will no longer be a mass eigenstate. Using the standard model 20 and the B' as a basis, the mass matrix is given by places an upper bound on the magnitude of the mixing angle. Figure 1 shows this bound on flMIX, as well as the much weaker bound that arises from the structure of the mass matrix in Eq. (7).
The Lagrangian for the scalar sector,
gives rise not only to the masses of the gauge bosons, but also to the gauge boson-Higgs interactions. The interaction terms, in leading order in the physical Higgs fields, r] and I, are given byi6'
Since MO 5 MA, we assume that E (the Higgs associated with the 2') is heavier than r] (the Higgs associated with the Z), and that 2' decays involving the e are kinematically forbidden. In this manner, only the first term in Eq. (13) 
In this case our U(l)y~ could be either U(l)+, U(l),, or a combination of them.
A particular combination is U(l), , which was an early favorite in superstring phenomenology.
I31 The values of the hypercharges Yf, and Yfi for these three different models are given in Table 1 . The normalization we use for the extra coupling constant is gyl = @ gy . We assume no significant difference between these two U( 1) couplings due to their possible running from different grand unified scales. 14' (16) where Vpua is the usual triple-gauge-boson vertex tensor.
Results
In this section we present some predictions of the model we are considering for electron-positron scattering at or near the peak of the 2' resonance. The decay modes of the 2' into fermion-antifermion pairs, Higgs plus 2, and pairs of charged gauge bosons are determined at tree level from the interaction Lagrangians given in the previous Section. For definiteness in the numerical work to follow, we concentrate on the case in which the decays into the heavier Higgs, E, and into exotic fermions are kinematically forbidden. Decays into ZH", W+W-and the standard three families of leptons and quarks, including the t quark, are allowed.
The decay rates are given by the following expressions:
where pz and EZ are the momentum and energy of the 2 in the 2' rest frame and fhH Mzt is the 2' 2 Ho coupling coming from Eq. If MZI is much larger than any other mass considered, the above expressions reduce to the following:
r(z1 -+ w+w-) M g; +$($g,, (cos2 eMIxy;;Mrx &)2 Sin2 eMIx)2
Note that in this limit the decays 2' + ZH" and 2' + W+W-go dominantly into longitudinal gauge bosons in the final state, as witness the factor of (M&)4
in Eqs. (21) and (23). It is also this factor which will make these decay modes dominate over 2' + ff as Mzt becomes large. Table 1 .
For large values of the neutral boson mass ratio Mzt/Mz, and large mixing angles, W+W-production is dominant, closely followed by ZH" production. by -2%.
In either case such a 2' would be a "Higgs boson factory." If we imagine a future electron-positron machine operating with a luminosity of 1032/cm2sec at the peak of a 2' with MZI = 4Mz, then -200 ZH" events are produced per day
for a small value of 8M1x = 0.01. This is to be compared with -3 such events per day in similar circumstances, but without a 2'.
In contrast, fermion pair production is less BMIX-dependent; it does not go to zero as flMIX decreases because of the finite fermion "hypercharge" Y'. For this reason, fermion-antifermion pair production is always dominant at sufficiently low values of eMIX. Nevertheless, the range of fermion dominance is constrained to very small mixing angles if the Mp/Mz ratio is large.
The inclusion of decays to exotic fermions that fill out the 27 dimensional representation of E6, if they are light enough, would simply decrease all of the above branching ratios; their production would be comparable to, or larger than, the production of pairs of the standard fermions. For example, inclusion of all the exotic fermion pair channels for decay of an unmixed 2, increases its total width by a factor of four.
Moving away from resonance, the situation is quite different. The behavior of the cross section as a function of the center-of-mass energy, ,/Z, is shown in Figures 5, 6 , and 7, and corresponds to the expressions below:
where EZ is the 2 energy in the center-of-mass frame, L, R, L', and R' are the Z and 2' couplings to electrons given by Eqs. (14), fhH is given by Eq. (18) The cross section for e+e-+ ZH" in Figure 5 shows the most striking effects of the presence of the 2' as compared to the cross section in the standard model.[" Even for a comparatively small value of the mixing angle, eMIX = 0.01, the cross section at the peak of the 2' is increased by roughly two orders of magnitude.
There is an interference between the resonance and the standard model (coming from an intermediate 2) amplitudes which is constructive below resonance and destructive above for eMIX positive as we have defined the phase conventions.
The cross section as s -+ 00 behaves like -0.04 apt. The magnitude of the cross sections at resonance were determined and it was found that for low values of M,PJI/MZ the production of fermion -antifermion pairs dominates over the whole range of experimentally allowed mixing angles.
For high values (-5) 
